Abstract
Introduction
Longitudinal surveys such as the Health and Retirement Study (HRS) provide a rich source of information to study the evolution of many socioeconomic and health outcomes of a population of interest. The HRS, designed to be representative for the non-institutionalized U.S. population of ages 50 and over and their spouses, has become the most commonly used survey by economists for a variety of issues concerning the pre-and post-retirement years, with over 1100 published papers using the data, according to the HRS website. weakness is that some respondents drop out over time, and when their characteristics are different from those in the retention sample, the sample may become less representative of the population of interest with every new wave. This may invalidate any inference drawn for the population of interest. Attention for this potential problem has been increasing over the past decade. See, for example, the special issues of Journal of Human Resources (Manski and Altonji 1998) and Journal of the Royal Statistical Society (Lynn 2006) . Several studies analyze the nature of attrition in longitudinal studies targeted at the complete adult population in a given country, such as the Panel Study of Income Dynamics (PSID) in the US (Fitzgerald et al 1998) or the European Community Household Panel (ECHP; see Nicoletti and Peracchi 2005) . To our knowledge, no such studies exist for a socio-economic survey targeted at the older part of the population, where non-response and attrition may play a specific role, due to health and cognition problems that increase with age, and due to mortality.
Existing studies tend to find that attrition, although often significantly correlated with socioeconomic variables, often induces only a minor bias in the parameter estimates of econometric models of interest. See, for example, Fitzgerald et al (1998) , and Lillard and Panis (1998) , who consider earnings regressions, welfare participation, income dynamics, marriage formation and dissolution, and mortality risk in the PSID, Falaris (2003) , who looks at equations explaining schooling attainment, labour force participation, self-employment, wages and fertility in several developing countries, Jones et al (2006) , who consider dynamic models explaining self-assessed health in the BHPS (British Household Panel Survey) and the ECHP, or Behr (2006) , and Behr et al (2005) , who find that attrition in the ECHP does not bias estimates of earnings or income models. Whether this finding remains valid in different contexts and in the current era of reduced survey response rates is an open issue (Lynn 2006) .
The original cohort entering the HRS in 1992 was composed of individuals born between 1931 and 1941 and their spouses (irrespective of their age). The sample drawn from this cohort was interviewed every two years. Other cohorts were added later (starting in 1993 with the study of Assets and Health Dynamics among the Oldest Old (AHEAD) cohort, born before 1923). In this study we will focus on the original HRS cohort, which was interviewed most often. The data we use cover the seven waves from 1992 until 2004. Every new wave has a substantial number of non-respondents, who may or may not come back in later waves. For analysis based upon this panel survey, it is important to know whether such unit non-response is selective and how potential selection effects can be tackled in order to draw unbiased inference for the US 50+ population of interest (US couples in 1992 with at least one partner born between 1931 and 1941, corresponding to how the original sample was drawn).
A specific feature of the HRS is that respondents who do not participate in a given wave, but do not explicitly state they refuse to participate in any future survey, are approached for an interview again for the next wave two years later (and again for later interviews, even if they miss several consecutive waves). This creates a distinction between attrition and temporary nonresponse. In order to investigate whether the effort to get people back into the survey is worthwhile, we will distinguish between these two groups. We will also distinguish attrition due to death from other attrition.
Other major American panels have also attempted to bring back non-respondents. For example, starting in 1992, the PSID has contacted all persons who dropped out in the prior wave and was successful in getting back 50% of them. The American NLSY (National Longitudinal Survey of Youth) rule is to try and interview essentially everyone from the original sample, regardless of how many times they were previously not interviewed. With the 1979 wave of the NLSY, for example, this policy resulted in a recapture of 46% of those who had ever dropped out by 2004.
Analyzing the value of bringing respondents back in is the main focus of this paper. Returning respondents have rarely been considered as a separate group. There are two exceptions. Olsen (2005) emphasizes the large number of returning respondents in the NLSY, stating that about half of respondents who missed one round will grant an interview for the next round. Hawkes and Plewis (2006) show that a substantial number of respondents in the NCDS (National Child Development Study, a UK cohort study following individuals from their birth in 1958) miss one wave but return in a later wave, and find that the characteristics of wave non-respondents differ from those of respondents who permanently leave the sample.
Reducing panel attrition is particularly desirable if the remaining respondents are a nonrepresentative sample of the population. We are not aware of studies that have looked closely at how problems related to attrition affect the representativity of the HRS or other longitudinal surveys targeted at older population groups. Hill and Willis (2001) have considered the general problem of finding ways to increase response rates in the HRS but do not address the issue of whether a lower response rate leads to more selection bias. Hence, our contribution is twofold. First, we analyze how attrition affects the representativity of the HRS. Second, we aim at investigating whether rePierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews contact efforts help to restore the representativity of the sample in following waves.
Obviously, unit non-response and attrition may have effects on some types of analyses and not on others. This will depend on the variables of interest and the type of analysis, for example: a crosssection analysis in a given year, a longitudinal analysis following respondents over time, the parameters of interest, and the specific model (such as, in particular, which conditioning variables are used). We consider some common examplescross-section and panel data inference concerning wealth, home ownership and employment status.
The remainder of the paper is structured as follows. Section 2 presents data on interview participation and types of unit non-response for each wave. Section 3 analyzes the determinants of various types of unit non-response: attrition through death, other (permanent) attrition, and temporary unit non-response. Section 4 studies how these sources of unit non-response affect inference about the 2004 cross-sectional distribution of variables of interest, like wealth, health, or income. In section 5 we investigate the consequences of selective unit non-response for estimates of several examples of panel data models, considering wealth, home ownership and employment patterns. Section 6 concludes.
The HRS cohort born 1931-1941
The target population of the original HRS cohort consists of non-institutionalized households where at least one member was born between 1931 and 1941. The sample is drawn using a multistage area probability sample of households, and an interview is attempted with all age-eligible respondents and their spouses. Only noninstitutionalized individuals are considered at baseline, but respondents entering nursing homes after the baseline interview are followed in later waves. The Institute for Social Research (ISR) in Michigan conducts the survey. For more technical details on the survey design, see Heeringa and Connor (1995) .
The HRS over-samples respondents from three groups -African Americans, Hispanics, and residents of Florida. Of the 15,497 interviews attempted in 1992, 12,654 were realized, giving an individual unit response rate of 81.6% at baseline. The response rate is very similar for the African American (81.1%) and Floridian (82.2%) samples, but lower for the Hispanic supplement (77%).
We focus on the birth cohort 1931-1941 and drop spouses who are not in this cohort. This is because for a meaningful analysis at the individual level, the group of spouses not born in 1931-1941 is too small and specific. This leads to a sample of 10,089 respondents in 1992, aged 51 to 61 in 1992, and aged 63 to 73 in 2004. The population of interest, for our analysis of the data of a given wave, therefore consists of non-institutionalized individuals in the US born between 1931 and 1941 and alive in that wave. When using more waves, depending on the nature of the longitudinal analysis, it either consists of all individuals in this cohort alive in the first wave, or of all those still alive in the last wave used for the analysis.
We do not analyze unit non-response at baseline (which is inherently more difficult than follow-up non-response, since hardly any information is available for initial non-respondents). HRS provides sample weights based upon basic demographics, derived from a comparison with the much larger Current Population Survey (CPS); see Heeringa and Connor (1995, Section 5) . We will maintain the assumption that these weights are sufficient to correct for non-response at baseline as well as for the over-sampling discussed above.
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Because the HRS is a study of an older population, it emphasizes tracking the vital status of respondents over waves. Deaths are reported by relatives contacted by an interviewer, or by a match with the National Death Index. Table 1 shows that the mortality rate grows from 1.7% between the first and second wave to 2.9% in 2004 as the cohort ages. The unweighted cumulative mortality rate over all waves is 14.4%. Weighting to correct for the over-sampling of African Americans, Hispanics and Floridians gives a cumulative mortality rate of 13.2%, which is close to what would be predicted from standard life-tables. If the respondent died, ISR attempted a so-called exit interview with a proxy respondent, usually the widow or widower, or a close relative of the deceased respondent -a short interview on the last period of the deceased respondent's life, cause of death, bequests, etc.
Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest
Temporary and permanent nonresponse in HRS follow-up interviews
Interviewers re-contact every respondent who did not provide a core interview in the previous wave but is still classified as in-sample. Each participant normally gets $100 for a new interview and $60 for a panel interview on the phone.
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Figure 1 also shows re-entry of previously interviewed respondents who skipped an interview. Starting in 1996, between 24.9% and 42.9% of respondents with missing interviews came back into the panel to provide a core interview in the next wave. This feature of the HRS helps to keep cumulative attrition down compared to a survey that does not attempt to re-contact respondents missing in a given wave. It implies that an analysis of attrition and non-response in the HRS should not consider non-response as an absorbing state.
As a result of re-contacts, there is a large variety of participation patterns. Figure 1 shows the various flows of entry and exit across years. For example, of the 9,750 respondents (5,156 women and 4,594 men) who provided core interviews in 1992, 167 (1.7%) were reported deceased the following wave, and 787 (8.2%) were missing because they could not be reached or refused to be interviewed. In 2004, of respondents providing a core interview in 2002, only 4.5% were missing.
Given that a fraction of respondents are not reinterviewed in later waves, one may ask if the remaining sample remains representative of the population of interest. If those leaving the panel have systematically different measured and unmeasured characteristics from those who stay in the panel, this will bias population inferences drawn from the HRS sample for variables of interest that are related to these measured or unmeasured characteristics.
Baseline determinants of nonresponse and attrition
In this section, we analyze how patterns of response behaviour between 1992 and 2004 are associated with respondent characteristics in 1992. We distinguish four types of participation sequences. First, 60.5% of the 1992 respondents provide core interviews in all six waves, from 1992 to 2004 (the always in group). Second, as seen in Figure 1 On the other hand, particularly when looking at changes, the longitudinal analysis may be contaminated by selective mortality. See, for example, Attanasio and Hoynes (2000) , who consider the age profile of wealth. Because of the well-known negative correlation between wealth and mortality, the part of an older birth cohort still alive at a given point in time is a relatively wealthy subset of the complete birth cohort. For some purposes, such as an analysis of wealth changes at the individual level, it may be desirable to correct for this. This makes it important to consider mortality as an explicit survey exit route in the analysis.
Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews Characteristics associated with mortality reflect the well-known positive association between health and socio-economic status (SES). Older individuals, African-Americans, unhealthy, and less educated respondents are more likely to die over the 12-years period. Compared to the always in group, the attritors group has an over-representation of individuals born outside the US and of Hispanics. This over-representation is even more pronounced among those temporarily out. In addition, AfricanAmericans are also more likely to be in the temporarily out group. Several other demographics are similar for temporarily out and attritors. Both groups are more likely to have poor health and to be less educated than those always in. The temporarily out are significantly less likely to be home owners (73.4% in temporarily out compared to 83.9% for always in, and 83.5% for attritors), more likely to be working, and less likely to be retired (10.9% compared to 15.8% for attritors). A higher fraction of temporarily out respondents are divorced at baseline (17.4% compared to 12.1% for always in and 13.6% for attritors). Overall, the characteristics of the temporarily out group suggest that this group more often has an unstable life style, which makes them less likely to be reached by interviewers or to be available for an interview in a given wave. Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Table 4 reports differences in the wealth, income and earnings distributions of the four groups.
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5 Because the distribution of wealth is skewed, we do not only present mean values, but also several quantiles of the distribution. For those who died before 2004, the full extent of the socioeconomic status (SES)-health gradient is revealedthey have lower wealth, household income and earnings than the other groups. Their median wealth in 1992 is about half that of those always in (about $82,600 versus about $150,600). Respondents temporarily out but present in 2004 are substantially different both from those always in, and also from attritors. For example, median wealth at baseline is about $98,500 for those temporarily out, compared to $150,600 for those always in, and $151,300 for attritors. Differences in wealth for temporarily out are partly explained by a lower home ownership rate (73.4% versus 83.9% for those always in). The second panel of Table 4 , which presents the distribution of wealth excluding the value of the owned home, however, shows that this can only explain part of the difference: even if home ownership is ignored, most wealth quantiles of the temporarily out are substantially smaller than those of the always in group. In relative terms, differences are larger at the bottom of the distribution than at the top. Finally, differences in earnings (conditional on positive earnings) are much smaller than differences in household income or wealth. 
The parameter vectors to be estimated are , , , ,
with always in as the reference category, i.e. β a =0. As explanatory variables, we include basic demographics, health indicators, and quintile dummies for wealth, household income, and earnings, allowing for non-linearities in the effects of these variables. In the appendix we give more details on the construction of the explanatory variables. We estimate the model for men and women separately, since pooling is strongly rejected. Since the main purpose of these estimates is the construction of weights based upon predicted probabilities, we prefer to keep a flexible model and do not aim at finding more parsimonious specifications.
6 Tables 5 and 6 present the results.
Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews Parameter estimates should be interpreted in comparison to always in, the benchmark outcome. First consider the demographic effects. Age effects are modelled as continuous piecewise linear, with a kink at 56 years (the mid-point in the age range in 1992). Older respondents are less likely to be temporarily out (and, as expected, more likely to die). Hispanic men and women and African American men are more likely to be temporarily out. Respondents not born in the United States are particularly likely to become attritors, possibly because of return migration. They are less likely to die while in the panel. Single women (mainly widows) are unlikely to be temporarily out.
Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews Divorced men are more likely than married men to be in any of the three non-response categories. Highly educated women are less likely to become attritors, while no significant effect of education is found for men. Retired men seem to lead relatively stable lives and are less often temporarily out. Retired women and women on disability pensions are relatively likely to die.
Turning to the economic variables, male respondents in the lowest wealth quintile have a greater probability to be temporarily out or to die. The effect on temporarily out extends to the second lowest wealth quintile although it is not statistically significant. For males, these wealth effects are the only significant SES link to non-response. For example, a likelihood ratio test does not reject the null hypothesis of no effect of income, wealth, and earnings on the odds of attrition versus always in at any conventional significance level, as indicated in the bottom part of the tables ("Chi-Sq. SES (df=12) Attritors Eq.").
The lack of a clear link between attrition and baseline wealth, income, and earnings is in line with results for the PSID reported in Fitzgerald et al (1998) . 8 The link with income and wealth is much stronger for mortality, even conditional on our rich set of controls, including controls for baseline health. Joint tests looking at the null of no SES effects on mortality, reject this null hypothesis for both males and females.
Overall, we do not find many significant effects of earnings, income or wealth on response behaviour. It seems that unconditional differences in, e.g. median wealth in Table 4 , are largely due to other differences than in wealth itself, such as race and ethnicity, or, for women, education level. Some SES links are found for the temporarily out group but they work in opposite directions for females and males. Hence, it is unclear what effect this selection has on estimates of household wealth or income.
Inference on univariate distributions in the 2004 cross-section
The common way to correct for unequal representation of population groups in the sample, when estimating the distribution of a variable of interest, is to use sample weights. Socio-economic surveys typically provide such weights with the data set, constructed on the basis of a number of key demographics like age, gender and race, and designed to make the weighted sample reproduce the population distributions of at least these key variables. In this section, we compare weighted distributions using standard weights and alternative weights that use more baseline information to analyze the consequences of attrition and temporary unit non-response, for inference on the distribution of a variable of interest y (such as wealth or health). A similar approach is used by Vandecasteele and Debels (2007) who analyze attrition in ECHP, but do not consider temporarily out respondents.
We consider two periods, the first and last available waves 1992 (t=0) and 2004 (t=1). The population of interest are all non-institutionalized individuals in the U.S. born between 1931 and 1941, surviving until time t (1992 or 2004) . As a consequence, we do not correct for mortalitydeceased persons are not in the population of interest.
The standard way to correct for over-sampling of minorities and initial unit non-response in each cross-section, is to use sample weights provided with the HRS dataset for each wave, the "HRS weights", To increase the likelihood that conditional independence is satisfied so that the weighted statistics indeed give consistent estimates of the population statistics, it is advisable to condition on as many variables that drive the participation probability as possible (Kalton and Brick 2000) . In our case, an alternative weighting procedure can be based upon using a larger set of conditioning variables observed at baseline, stored in a vector accordingly for the different selection process. In this case, the Inverse probability weights are the inverse of "participation probabilities"
Comparing the results with the first set of estimates, including the temporarily out group, will show whether bringing respondents, who do not participate in one wave, back into the sample is worthwhile for reducing selection bias due to unit non-response in follow-up waves.
Results
We compared the distributions using the various weights of many variables of interest, referring to, for example, health, socio-economic status, and family composition. We often find substantial differences between weighted and unweighted statistics (mainly because of the oversampling of African Americans and Hispanics), but not between the statistics obtained using the three different weights. Details are available upon request. For most variables therefore, we do not find evidence of selective attrition, either including or not including the temporarily out. The exception is household wealth, which we describe in detail in Table 7 .
The first panel of Table 7 , including temporarily out respondents, presents unweighted statistics, and statistics using the three sets of weights discussed above. This leads to the same conclusion as for the other variables: if the temporarily out group is included, there is no evidence of selective nonresponse after the baseline interview. 14 This is different in the second panel of Table 7 , where the temporarily out group is excluded, and only the 2004 observations that are in the balanced sample are considered. We then still find very similar results for the two sets of HRS weights, suggesting that temporary non-response is unrelated to the wealth component explained by the basic demographics, but we now obtain a much larger difference between quantiles using HRS weights and inverse probability weights. For example, the estimate of median total wealth, excluding temporarily out, is $213,500 using HRS 2004 weights, but only $203,400 if inverse probability weights are combined with HRS 1992 weights. This difference is statistically significant For example, estimates of the median using inverse probability weights and HRS 2004 weights are virtually the same ($200,500 vs. $200,000) . To be precise: the fact that HRS 1992 and HRS 2004 weights give virtually the same wealth quantiles suggests that unit nonresponse in 2004 is not related to the component of household wealth that can be explained by the basic demographics in q, and the fact that inverse probability weights give virtually the same results as HRS 2004 weights, suggests that unit non-response in 2004 is also not related to the components of household wealth, which is driven by the rich set of baseline characteristics in x (including baseline wealth). 15 and suggests that, conditional on basic demographics, wealthier families are more likely to be always in; not correcting for this leads to an overestimate of median total wealth in the population. If the temporarily out are included, the problem disappears, and all weights give about the same median total wealth (between $200,000 and $200,500), which is also rather close to the inverse probability adjusted median using the always in only. Thus the temporarily out are the group with relatively low wealth (given their demographic characteristics), and bringing them back into the sample is worthwhile to avoid selection problems. In other words, it is important to have (and use) the complete 2004 wave of the unbalanced panel sample, including those who missed one or more waves, rather than only those in the balanced sample. A qualitatively similar conclusion but with smaller selection effects is found for income; for other variables, no evidence of selective attrition is found, whether the temporarily out are included or not (results available upon request). 
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Panel data models
In this section we analyze the consequences of selective non-response for panel data analysis. We consider three examples of static panel data models -a linear fixed effects model for log household wealth, and fixed effects logit models explaining home ownership and labour force participation. See below for details on these models. The regressors are age, indicators of health, and indicators of marital status. We include both current wave and previous wave values of these regressors to capture dynamic effects and to allow for differences in long run and short run effects (see Banks et al 2009) .
Again, we focus on the value of the temporarily out sample for avoiding attrition bias. We do this by testing for attrition using the complete sample, including and excluding the temporarily out group after they have come back into the sample. If bringing back the temporarily out is essential for avoiding attrition bias, we expect an insignificant attrition bias in case they are included, and a significant attrition bias if they are excluded from the sample used for estimation.
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The tests for attrition bias are Hausman tests, following Nijman and Verbeek (1996) , who proposed to use a Hausman test for non-random attrition based upon comparing estimates using only the balanced sample of respondents participating in all waves, with estimates using the complete unbalanced sample, that includes those that participate in some waves and not in others. Under the null hypothesis of no selection on unobservables (or observables other than those included in the model), both estimators are consistent, and the one using all observations in the unbalanced panel is efficient. Hence, a test can be based upon the difference between the two sets of estimates. Let β be the k-vector of parameters. . Under the null of no selective attrition, the test statistic asymptotically follows a chi squared distribution with K degrees of freedom. We perform this test for all parameters jointly and for subsets of the parameters. For one parameter, the test is equivalent to a simple t-test on significance of the difference in the two estimates.
Hausman tests are also used to choose between random effects and fixed effects models (see Cameron and Trivedi 2005) and to compare estimates based upon the unbalanced panel including all available observations, and upon the unbalanced panel excluding the observations on the temporarily out group after they have come back into the sample. In the latter case, under the null that non-response and attrition are random given the covariates included in the model, the estimator using all observations is efficient but the estimator dropping the observations on the temporarily out respondents after they have come back is consistent but not efficient, justifying the use of a standard Hausman test; this test has power if the observations not used in the latter case are different (in terms of unobservables driving the variable of interest) from the other observations.
Finally, we will also use Hausman tests to compare estimates that do and do not include observations on respondents who die later on (and are registered as deceased at a later survey wave). This can show whether any selective attrition that we find can be due to mortality.
Household wealth
We use a static linear panel data model with fixed effects to explain log household wealth it y : 16 ; 1,..., , independent of each other and of ; 1,..., The results are presented in Table 8 . All these estimates are obtained using standard within-group estimators for the static linear fixed effects panel data model, using Stata (xtreg with the option fe), automatically accounting for incomplete observations in an unbalanced panel, under the assumption that the error terms in the model are independent of non-response (see, for example, Cameron and Trivedi 2005). 17 We also estimated random effects (RE) models (with varying intercepts only, not with varying slope coefficients) with the same samples and explanatory variables. The Hausman tests of the RE against the FE model always clearly reject the RE model. This is why we do not discuss the RE estimates in detail.
Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews The Hausman test comparing the balanced panel estimates (column "balanced") of Table 8 and the estimates based upon the complete unbalanced panel (column "unbalanced"), does not reject the null hypothesis that non-response is not selective at the 5% level ("Nijman and Verbeek test -all" in Table 8 ; p-value = 0.071). 18 The same result is obtained for subsets of coefficients; only for the four lagged health variables, the differences between column 1 and column 2 estimates are Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews close to jointly significant (p-value 0.054). The results are in line with expectations: wealth falls with age and with health problems, and long run effects are generally larger than short run effects (since the coefficients on the lagged and current values of the same variable are usually of the same sign). Divorce or widowhood also leads to substantial reductions of household wealth, but here the lagged variables are insignificant, implying that the long run and short run effects are not significantly different.
The final columns ("excluding returns") use the unbalanced panel, excluding the observations of the temporarily out group, after they have missed a wave and have come back into the panel. This mimics the situation in which non-respondents in one specific wave would never be interviewed in any follow-up waves -wave non-response automatically becomes attrition. The Nijman Verbeek test shows that in this case, estimates would be significantly biased due to attrition (pvalue 0.019) , suggesting that temporary nonrespondents are rather special where wealth formation is concerned, and having them in the sample after they have missed an interview is important, to avoid selectivity bias. This is also confirmed by the Hausman test comparing the estimates using the full unbalanced panel, and the unbalanced panel excluding the returnees: these two sets are significantly different also (p-value 0.0023). In particular, the effects of current health variables are significantly different when observations for respondents who return to the panel are retained (the joint test result gives pvalue 0.008). Tables 9 and 10 The model is estimated using the conditional logit estimator of Chamberlain (1980) , which is the conditional maximum likelihood estimator, conditioning on the sum over t of the for each individual i. This estimator only uses the respondents whose housing situation or labour force status changes (from owner to non-owner,or working to non-working, or vice versa), explaining the much lower numbers of observations used for estimation than in Table 8 . We used the standard command for this in Stata (clogit), which can handle an unbalanced panel, assuming that non-response is random, conditional on the explanatory variables. The covariance matrix of the estimator is computed in the same way as for maximum likelihood.
For the models explaining home ownership in Table 9 , no significant differences are found between the three sets of estimates, using the balanced panel only, using the complete balanced panel, and using the unbalanced panel excluding the observations in the temporarily out group after they have returned into the sample.
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For labour force participation (Table 10) , however, the tests show significant differences between balanced panel estimates and unbalanced panel estimates, irrespective of whether or not we include the temporarily out after coming back into the panel. (And the differences between unbalanced panel estimates, with and without the observations on those who were temporarily out, are insignificant; the p-value of the test is 0.0861 (see Table 10 )). This implies selective non-response that is not removed by bringing back in temporary non-respondents.
According to all three sets of estimates, the probability that a household owns its home falls with age and, in particular, with a transition of the head of household's family status from being married into being divorced or widowed. The effect of a divorce is larger than the effect of widowhood, and usually materializes immediately and not with a lag; for widowhood, the long run effect is about 1.5 times larger than the short run effect (and the difference between long run and short run effect -the coefficient on lagged widowhood -is always significant). Health variables play a limited role: all the individual current and lagged health indicators are insignificant at the 5% level.
Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews In this case, it seems worthwhile to investigate to which extent the bias is due to attrition because of mortality. For this purpose, we redid the tests without the observations (in the years when they are still alive) on those who died before they could take the 2004 interview. With this sample of "survivors", the Nijman Verbeek tests do not show evidence of selective nonresponse or attrition, irrespective of whether the observations of temporarily out respondents, after they have come back, are used or not. The null of no selection bias is not rejected at the 5% level: the test statistic is 30.8 with p-value 0.07 without the temporarily out observations, and 28.4 with p-value 0.13 if the observations on respondents who missed at least one wave are included (these results are not presented in the table). The higher p-value for the latter case suggests that also in this case, bringing back temporarily non-respondents helps to mitigate selection problems. But, as expected, it does not solve the problem of selection bias caused by mortality.
The Nijman Verbeek Hausman tests on individual coefficients, or on groups of coefficients on related variables, show that the main reason for rejecting the null hypothesis is differences in the effects of current health. The onset of a severe health condition or deterioration in self-assessed health always has a negative effect on the probability to participate in the labour market, as expected, but the effects are larger according to estimates using the (complete) unbalanced panel than when using the balanced panel. In spite of these statistically significant differences, the qualitative conclusions from the three sets of estimates in Table 10 are the same. Labour force participation falls monotonically with age and with health problems. A transition into fair or poor health has a long run effect that is about 1.6 times as large as the short run effect, and this is the only health variable for which long run and short run effects are significantly different. Transitions into widowhood or divorce have no significant effects.
Conclusions
In this study, we have investigated the effects of unit non-response in follow-up waves on inference based on the Health and Retirement Study (HRS). Our analysis focused on the HRS cohort born [1931] [1932] [1933] [1934] [1935] [1936] [1937] [1938] [1939] [1940] [1941] that was interviewed every two years since 1992. We have focused on how bringing respondents, who do not participate in one interview, back into the sample at later waves, can mitigate the attrition bias. In crosssectional analysis of the distributions of household income or wealth in 2004, we found that bringing back this group helped substantially to reduce selection bias. With this group included, there is basically no evidence of selection bias that would warrant the use of more complicated weighting schemes than the weights provided by HRS. On the other hand, much larger selection effects are found when the temporarily out respondents are discarded, mimicking the situation that they would not be available. This shows the value of having (and then, obviously, using) the temporarily out group in later waves.
Panel data analysis confirms that not including the temporarily out group can bias estimates of models explaining household wealth; with this group included, tests for selective attrition and non-response show no evidence of selection bias. Similar analyses of panel data models explaining other variables confirm that the HRS efforts to keep respondents in the sample, or bring them back into the sample after they have missed one wave, are successful in the sense that selectivity problems are avoided. For home ownership, we never find any evidence of selection bias; for labour force participation, we find evidence of attrition bias due to mortality, but not due to other sources of unit nonresponse; here the situation also improves by bringing back temporary non-respondents.
These findings have implications for users as well as designers of surveys such as the HRS, including, for example, the English Longitudinal Study of Ageing (ELSA) and the Survey of Health, Ageing and Retirement in Europe (SHARE) which target similar populations in different countries and have similar sample designs. Attempting re-interviews, for those who missed a wave, appears to have high potential for reducing attrition bias. From a user's perspective, we would argue in favour of using the unbalanced sample in longitudinal analysis. We have found that the balanced sample-the sample that excludes those who come back to the study-suffers from significant selection on observables when looking at financial outcomes in 2004.
Appendix. Definition of Variables
We used two panel status variables in this analysis. The first one tracks the status of a respondent's record in 2004, conditional on being interviewed in 1992. We define four states: (1) Someone presumed alive by the interviewer is defined as alive. The other status variable is a wave-specific variable that uses the same information as the cumulative status variable but tracks the status at each wave (1 = core interview provided, 2 = dead, 3 = no interview provided, known alive). Table A .1 documents the variables we use in the analysis. Pierre-Carl Michaud, Arie Kapteyn, James P Smith, Arthur van Soest Temporary and permanent nonresponse in HRS follow-up interviews construct the weights are chosen adequately.
12 To see this, note that the probability that a population member is in the 2004 sample is the product of the inclusion probability in 1992 and the retention probability. Under our assumptions, the HRS 1992 weight is proportional to the inverse of the former and 14 The estimates do not take account of the complex nature of the two stage survey design, which might mean that the size of the tests that we use is larger than the intended 5% level; earlier studies, however, suggest that the difference is small (see also endnote 5).
15 Standard errors and t-tests are calculated using 500 bootstrap replications. A standard bootstrap procedure in Stata was used, without replacement and treating the weights as fixed. 16 In order to deal with zeros as well as negative amounts, we use the common inverse hyperbolic sine transformation 18 This may seem surprising given the stylized fact that life expectancy is positively associated with wealth, implying that attrition due to mortality is likely to be selective. If we exclude the observations on those who die during the sample period, we do find selective attrition, suggesting that attrition due to mortality and other temporary or permanent nonresponse, lead to biases in opposite directions. 19 We also estimated random effects models, but these were always rejected against the corresponding fixed effects models by a Hausman test (details available upon request). 20 We also do not find significant differences if we exclude the (early) observations on those who die before they would be interviewed in 2004. 21 The US Census Bureau defines nine census divisions, used as regional indicators.
